Many screening tools for detecting cognitive decline require in-person assessment, which is often not costeffective or feasible for those with physical limitations. The Modified Telephone Interview for Cognitive Status has been used for screening dementia, but little is known about its usefulness in detecting amnestic mild cognitive impairment. Community-dwelling participants (mean age ¼ 74.9, mean education ¼ 16.1 years) were administered the Modified Telephone Interview for Cognitive Status during initial screening and subsequently given a multidomain neuropsychological battery. Participants were classified by consensus panel as cognitively normal older adult (noMCI, N ¼ 54) or amnestic mild cognitive impairment (N ¼ 17) based on neuropsychological performance and Clinical Dementia Rating Scale interview, but independent of Modified Telephone Interview for Cognitive Status score. There was a significant difference between groups in Modified Telephone Interview for Cognitive Status score (t ¼ 8.04, P < .01, noMCI range 32-43, mean [SD] ¼ 37.4 [2.5], amnestic mild cognitive impairment range 25-37, mean [SD] ¼ 31.2 [3.5]). Discriminant function analysis revealed that TICS-M alone correctly classified 85.9% of participants into their respective diagnostic classification (sensitivity ¼ 82.4%, specificity ¼ 87.0%). Receiver operating characteristics analysis resulted in cutoff score of 34 that optimized sensitivity and specificity of amnestic mild cognitive impairment classification. The Modified Telephone Interview for Cognitive Status is a brief, cost-effective screening measure for identifying those with and without amnestic mild cognitive impairment.
Introduction
The goal of this article is to investigate the sensitivity and specificity of a widely used telephone interview for late-life cognitive assessment (the Modified Telephone Interview for Cognitive Status; TICS-M 1 ) in the detection of amnestic mild cognitive impairment (aMCI). The present study seeks to extend previous research by adding to the small corpus of research 2 that suggests that the TICS-M may be a useful screening instrument not only for dementia (the original purpose of the TICS) but also for aMCI. The study also extends prior work by examining a community-dwelling population (ie, not clinically referred), to examine the utility of the TICS-M as a screening tool in a community volunteer sample.
Most screening tools to detect cognitive impairment require in-person assessment (eg, Mini-Mental Status Examination 3 , Mattis Dementia Rating Scale 4 , and so on). However, this method may not always be cost-effective or feasible for older adults who may be frail or have physical limitations. Furthermore, the need for in-person assessment can limit the ability of population-based studies to cognitively screen large numbers of adults. To overcome these barriers, the Telephone Interview for Cognitive Status (TICS) 5 was developed. The TICS has some similarities to the Mini-Mental Status Examination, 3 in that it includes questions regarding orientation, repetition, and naming; however, the measure has been subsequently modified (TICS-M) 1 to include a more comprehensive memory assessment, including both immediate and delayed recall of a 10-item nonsemantically related word list, to increase the probability of identifying dementia. The TICS-M was included in the present study to determine how well this telephone approach detects aMCI in a nonclinically referred sample.
Individuals with MCI are at an increased risk for the development of Alzheimer's disease (AD), with an annual conversion rate to AD of 6% to 25% compared to less than 4% of the general population, 6 which has led to investigations of early identification and pharmacological and behavioral interventions to help delay the progression of MCI to AD. There are multiple presentations of MCI (eg, single impairment in a cognitive domain other than memory, multiple domains impaired 7 ). The present study focused solely on the amnestic type (aMCI). Patients with aMCI show a mild memory deficit beyond what is expected for their age (eg, perform > 1.5 SD below age-and education-corrected norms), while other cognitive domains (eg, working memory or language abilities) are within normal limits. In this study, we also examined the Clinical Dementia Rating (CDR) Scale 8 to ascertain whether individuals and their proxy informants verified cognitive impairments and declining function in everyday contexts. Criteria for aMCI also require the individual to express a subjective memory complaint, exhibit intact activities of daily living (ADLs; ie, bathing, dressing; operationalized with Personal Care subscale of the CDR 8 in this study), and not meet the criteria for dementia. 6 Preliminary research of the use of the TICS-M in detecting MCI 9 has shown that in the course of recruitment for a population-based study, approximately 50% of individuals with TICS-M scores between 19 and 38 who were later assessed in the clinic met criteria for aMCI. However, the authors did not specify what score or range of scores was most indicative of aMCI. A study by Graff-Radford and colleagues 2 used a cutoff for MCI of 29 on the TICS-M; while this cutoff showed 86% sensitivity, it only had 63% specificity of detecting MCI, with only 12 of the 20 cognitively impaired participants below this cutoff score. Furthermore, the sample used in the Graff-Radford and colleagues study was lower educated and older than most studies of cognitive aging and thus may not be representative of the greater older population.
Therefore, the present study sought to determine the sensitivity and specificity (and positive and negative predictive value) for detecting aMCI with the TICS-M within a nonclinically referred communitybased volunteer sample. Given the selective nature of the sample, the current data set does not meet the standards of a normative sample (ie, to provide TICS-M cutoff scores for various age/sex/education groups). Finally, we investigated the use of receiver operating characteristics (ROC) analysis to identify cutoffs for this sample.
Methods

Participants
Participants were 71 community-dwelling older adults aged 65 (N ¼ 79). Table 1 shows the demographic characteristics of the sample. They were initially recruited to participate in a larger study. 10 Participants were recruited in multiple ways, including articles in a local senior newspaper, advertisements in the community, and from the participant pools of other local aging investigators. The recruitment strategies specifically targeted community-dwelling persons with memory concerns, resulting in a high proportion of individuals with self-reported memory problems but without a prior diagnosis of a dementia. In this sample, 54 were judged to be cognitively normal (noMCI) and 17 were judged to have aMCI (see Procedures below for determination of status; these numbers are different than another article from the same study 11 due to missing TICS-M data). The exclusion criteria for participation included selfreported (1) history of neurological disease (ie, Parkinson's disease, AD, or epilepsy), (2) history of drug or alcohol abuse, (3) history of psychiatric hospitalization, (4) current cancer treatment, or (5) stroke or heart attack within the last year. Institutional Review Board approval was obtained, and informed consent was completed before each participant began the study procedures.
Measures
The TICS-M. The TICS-M is a brief, 13-item test of cognitive functioning with scores ranging from 0 to 50. Questions of orientation, repetition, naming, and calculations are some of the items covered. Additionally, a 10-item nonsemantically related word list is recalled both immediately and after a delay of about 5 minutes filled with distractor questions. Past research has demonstrated that the TICS-M is as reliable and valid as face-to-face administration and has a sensitivity of 94% and specificity of 100% for distinguishing normal controls from demented individuals. 5 There is also little evidence of ceiling effects 12 or practice effects. 13 Although varying cutoff scores for dementia have been published (ranging from 27-30), 14, 1 little is known about its usefulness in detecting MCI. 15, 6 Neuropsychological battery. Participants were individually administered a 2.5-hour multicognitive domain neuropsychological battery to determine level of cognitive functioning. Detailed assessment of memory, including both verbal and visual memory, was necessary to determine whether participants met the impaired memory criteria for aMCI (operationalized as at least 1.5 standard deviations below published normative means, adjusted for age and education). 6 The domains of attention, working memory, speed of processing, and language were also assessed to exclude persons with other or multiple impaired domains. The following measures were used in the study for determining cognitive status: Hopkins Verbal Learning Test-Revised, 16 Rivermead Behavioural Memory Test Paragraph Recall Subtest, 17 Brief Visuospatial Memory Test, 18 Mini-Mental Status Examination, 19 North American Adult Reading Test, 20 Boston Naming Test, 21 Controlled Oral Word Association Test, 22 Trailmaking Test Parts A and B, 23 Everyday Problems Test, 24 Geriatric Depression Scale, 25 Center for Epidemiological Studies-Depression Scale, 26 and Memory Functioning Questionnaire. 27 The CDR Scale. The CDR, 8 a measure of overall cognitive impairment severity, was used to measure (a) the cognitive and daily functioning of the participants, including activities of daily living, and (b) to assess, based on proxy informant report and selfreport, performance in real-world contexts as well as recent noticeable changes in cognition. The CDR and neuropsychological battery were both important sources of information in the consensus conference, which will be described below. This scale is a semistructured interview of an informant who knows the participant well, usually a spouse or child. The participant also answers questions of orientation, judgment, and memory. The CDR contains 6 scales (memory, orientation, judgment/ problem solving, home/hobbies, community affairs, and personal care), which are each rated by the interviewer on a scale from 0 (no dementia) to 3 (severe dementia). An algorithm is then used to produce an overall score from 0 to 3, with a score of 0.5 indicative of MCI or very mild dementia. A validation study 16 determined that clinical research criteria of AD, including CDR score, was indicative of AD pathology at autopsy. In this study, participants had a CDR of 0 (N ¼ 43) or 0.5 (N ¼ 22). Six participants were missing informant CDR data; in all cases, based on self-report and neuropsychological performance, these cases were classified as noMCI. Further analysis revealed that 41 participants with CDR ¼ 0 were classified as noMCI, while 14 participants with CDR ¼ 0.5 were classified as aMCI. Only 2 participants subsequently classified as aMCI had a CDR ¼ 0 and 8 participants classified as noMCI had a CDR ¼ 0.5. Thus, there was substantial dependency between CDR status and MCI status ( 2 (1) ¼ 27.3, P < .001).
Procedures
All enrolled participants were assessed between November 2002 and November 2003. Assessment consisted of a 15-minute initial telephone interview, which assessed inclusion/exclusion criteria, and the TICS-M was administered. The participants were asked to turn off their televisions or radios and to move any papers, newspapers, or pencils away from where they were. Although they were asked to do these to have an optimal testing situation, it is unknown to what degree they complied with this request because they were in their homes. No inclusions or exclusions were made on the basis of the TICS-M score. Within 2 weeks of the telephone interview, and after completing informed consent, enrolled participants were administered the aforementioned neuropsychological battery in our laboratory. The CDR interview was ascertained either in person (if the informant accompanied the participant to the visit) or over the telephone within 2 weeks by an examiner without knowledge of the participants' neuropsychological performance. Following the assessment and interview, participant cognitive status was classified in a consensus conference.
Consensus conference. Participants were classified as noMCI or aMCI by a consensus conference consisting of 5 individuals (1 neuropsychology PhD, 1 developmental/gerontology PhD, and 3 neuropsychology graduate students). It is important to note that aMCI status was identified independently and without knowledge of TICS-M score. Each case was presented to the consensus members with information about demographics (identity masked) and all available neuropsychological assessment data, as well as summary scores and detailed notes from the CDR. Special attention was paid to participants scoring more than 1.5 standard deviations below age-corrected normative means on at least 1 verbal or visual memory variable. Mild impairments based on normative standards in other cognitive domains (eg, executive tasks, language) were noted, because a goal was to exclude persons with impairments in domains other than memory. Four persons were excluded from the larger study for having such multiple impairments because the sample was weighted toward amnestic impairment only. In addition, the CDR (with attention paid to those scoring a 0.5) and a composite score representing subjective complaints from the Memory Functioning Questionnaire 27 (with attention paid to participants rating themselves at least 1 standard deviation below the sample mean) were also considered in the judgment. All these variables were chosen to reflect the spirit of the Petersen criteria for MCI. 6 No exact algorithm was used in classifying participants to allow for rater judgment, which was then validated and replicated through consensus. If all members of the consensus panel agreed on group placement, that placement prevailed. If at least 1 member disagreed, a discussion would take place about how the participant fit the criteria, and then a revote took place. At this point, the majority vote stood. As indicated above, the current study had 54 individuals identified as noMCI and 17 identified as aMCI.
Statistical Analyses
Demographic comparisons between groups were conducted with Bonferroni corrected 1-way ANOVAs for continuous variables and 2 analysis for dichotomous variables. Discriminant function analysis with jackknifed classification (where each case is classified using a discriminant function based on all cases except the given case, providing a more realistic estimate of the ability of predictors to separate groups 28 ) was used to determine sensitivity and specificity of the TICS-M for the detection of aMCI. Despite the relatively low number of participants, sample size was adequate to conduct this 1-predictor discriminant function analysis. 28 Second, the TICS-M performance over a range of potential cutoff thresholds was examined with ROC analysis. 29 Receiver operating characteristics creates a visual display pairing specificity and sensitivity values over the range of possible cutoff scores.
Results
There was a significant difference between groups in TICS-M score (t ¼ 8. Receiver operating characteristic analysis was then used to determine a possible cutoff score for the TICS-M total score that detected aMCI in the current selected sample. As displayed in Figure 1 , the most appropriate cutoff score based on the ROC is between 33 and 34 (area under the curve [AUC] ¼ 93.3%, þSE 3.2%), based on the tradeoff of sensitivity or specificity. Table 2 supports the ROC findings and displays sensitivity, specificity, and the positive and negative predictive values of various cutoff scores.
Discussion
The goal of this study was to determine how well the TICS-M could identify aMCI in a nonclinically referred sample of older adults. The findings of this study indicate that the TICS-M alone detected aMCI in this sample, as independently verified via a neurodiagnostic battery and consensus conference, with 86% correct classification. Although the TICS-M should only be considered a screening tool and not diagnostic of cognitive impairment, the ROC results suggested that, in this positively selected community-based volunteer sample, a score of 34 or lower could alert a clinician to conduct further testing to determine aMCI status. However, the TICS-M cutoff in this sample (34) was higher than that proposed in the study by Graff-Radford and colleagues 2 (29) . Our sample differed in 2 ways from the Graff-Radford sample: it was composed of community-based volunteers, and it was younger. As a descriptive exploration, we divided our sample into 2 age groups, age < 75 years and > 75 years. Sensitivity and specificity and AUC were uniformly high for both groups (<75: sensitivity ¼ 83%, specificity ¼ 83%, AUC ¼ 92.5% þ SE 5.4%; > 75: sensitivity ¼ 82%, specificity ¼ 84%, AUC ¼ 93.6% þ SE 3.8%), but the suggested TICS-M cutoffs varied (<75: cutoff ¼ 36; > 75: cutoff ¼ 33). These findings strongly suggest the need for a large, heterogeneous sample to identify different cutoffs for different demographic subgroups. Relative to the Graff-Radford study, the current investigation also had better discriminability suggesting that, at least in relatively homogenous samples, the TICS-M can offer very good separation of amnestically impaired from nonimpaired individuals.
There are several limitations to this study that must be noted. First, the sample was a highly educated and select group of older adults in that they agreed to take part in a larger study. 10 A second limitation of the study is the absence of a medical or neurological examination to rule out other potential causes of memory problems, such as a vitamin B deficiency or untreated hypothyroidism. In addition, it is not known how hearing impairment may have affected the participants' performance on the TICS-M, as this study did not include objective data of hearing acuity. Prior research has suggested that the correlation between the TICS-M and the MMSE (administered in-person) is lower in those with hearing impairment than older adults without. 30 However, in the present sample, correlations between TICS-M score and 3 hearing-related items obtained (self-rated hearing loss, the use of hearing aids, and the need for people to repeat sentences frequently) were nonsignificant (range 0.04-0.11). Lastly, the sample size was relatively small for a study of this type. Future research must further verify the usefulness of the TICS-M to identify MCI, particularly in light of growing attention 7 to subgroups of MCI. This study focused only on the amnestic subtype, so it is not clear that the TICS-M would do as well with other MCI subtypes. Furthermore, under the assumption that the long-term goal would be to provide screening cutoffs that are appropriate for different age groups and education levels, there is a strong need for norming studies with larger and more heterogeneous samples, such as that done for the CAMDEX. 31 The basis for doing this has been established because the TICS-M has been used in the national HRS/AHEAD 32 study and in its allied ADAMS dementia study 33 to investigate its usefulness in large sample studies. Additionally, previous research 34 has identified that primacy and recency effects of the TICS-M word list was more useful in detecting early AD than the traditional score; these effects should be investigated in aMCI to determine whether they detect impairment above and beyond the traditional scoring method. Given the strong ability of the TICS-M to detect amnestic MCI in this sample, future work must also examine whether other screening tools work as well as the TICS-M or can supplement the TICS-M in boosting classification accuracy. If the TICS-M continues to perform well as a screening tool for amnestic MCI, the simplicity and brevity of the measure, coupled with the ability for nonexperts to administer it, suggests that the TICS-M could be relatively easily integrated into telephone protocols or primary care settings.
